INTRODUCTION {#sec1-1}
============

An important feature in the regulation of lymphocyte recirculation is the ability of lymphocytes to recognize and bind to the surface of blood vessel endothelial cells before migrating through the vessel wall into surrounding tissues. Recent studies have shown that adhesion interactions of vascular endothelia with lymphocytes under flow or shear consist of multistep cascades with at least four steps: (1) an initial transient tethering and rolling: Most lymphocyte adhesion molecules, such as L-selectins, that are involved in rolling are found on the tips of the lymphocytes microvilli, where they can easily contact the endothelium; (2) if the lymphocytes encounter appropriate activating factors such as chemokines in the local environment, rolling may be followed by a lymphocyte activation step mediated primarily through G-protein-linked chemoattractant receptors which then leads to (3) firm adhesion or sticking mediated by activated integrins interacting with endothelial immunoglobulin family members, that may be followed by (4) lymphocyte diapedesis through the endothelium into tissue probably also directed by chemokines.\[[@ref1]--[@ref4]\]

Inflammatory response of the oral mucosa is ubiquitously noticed in all the stages of oral submucous fibrosis (OSF), which consists mainly of polymorphonuclear leukocytes (PMN) with occasional eosinophils in the very early stage, mononuclear lymphocytes, eosinophils, and occasional plasma cells in the early stage, and lymphocytes and plasma cells in the moderately advanced and advanced stages.\[[@ref5]\] Haque *et al*.\[[@ref6]\] demonstrated that the inflammatory infiltrate in the OSF tissue is composed predominantly of activated "T" lymphocytes, especially the activated CD4+ cells (helper/inducer lymphocytes). Occasionally CD20+ B lymphocytes and CD68+ cells (macrophages and Langerhan\'s cells) are also seen in OSF tissue.\[[@ref7]\] However, these studies were mainly qualitative and quantitative observations of the inflammatory infiltrate in the OSF tissues and attempts to elucidate the biological mechanism(s) that guide these immunological effectors to sites of reactive inflammatory response are scanty.

The development of the inflammation requires the migration of lymphocytes from the blood into these tissues. This migration involves multistep cascades with binding of endothelial adhesion molecules to their ligands on circulating lymphocytes. We tested the expression of vascular endothelia in inflamed areas of the oral mucosa of patients with clinically and histologically proven cases of OSF. Most lymphocytes in the area of inflammation were tested and scored for the expression of α4β1 integrins. It is envisaged that endothelial/lymphocyte adhesion cascades involving VCAM-1/α4β1 integrins control the migration of lymphocytes\[[@ref8]\] resulting in the homing and selective recruitment of T lymphocytes to areas of mucosal inflammation in OSF.

MATERIALS AND METHODS {#sec1-2}
=====================

The study group comprised 28 patients and the clinical diagnosis was made when the group showed characteristic features of OSF, judged by established criteria.\[[@ref9]\] The site for incisional biopsy to make supportive histologic assertion was chosen nonrandom (left buccal mucosa, close to occlusal line) for both test and control cases. These 28 OSF cases were further divided in to early (*n*=17) and advanced (*n*=11) subgroups, based on clinical and histologic parameters drawn for the purpose.\[[@ref5]\] Of the 28 OSF patients, there were 12 males (42.9%) and 16 females (57.1%). Their ages ranged from 18 to 65 years (mean 55.4 ± 8.5 SD), with 68% of them belonging to the 20--39 age group. Informed written consent was obtained from each patient and control subject, before enrolling them into the study group and institutional approval for clinical studies comprising of patients and human volunteers was received from the College Ethical Committee (CEC). Ten (10) biopsy specimens of normal buccal mucosa (site compatible) were obtained from 10 healthy volunteers who visited the hospital for unrelated medical care. None of the patients underwent any treatment for fibrosis before subjected to initial biopsies. Details of the patient oral habits, including daily and total consumption of areca quid (AQ), alcohol, and red chilli (spices) as well as the frequency of these habits, were also recorded.

Antibodies and other reagents {#sec2-1}
-----------------------------

mABs included anti-α4β1 mouse heterodimer (human integrin β1/CD29 mAB, clone 4B7R) mouse Ig G1 (R and D Systems, Inc.) reconstituted with sterile PBS, and the antibody concentration of 500 ugm/ml (dilution 1:100). The integrin β1 subunit, also known as VLA-β chain and CD 29, associate with at least 10 different integrin a subunits which include α4. This antibody was selected for its ability to detect human integrin β1 in flow cytometry and immunocytochemistry experiments.\[[@ref10]\] Biotinylated antimouse IgM secondary antibody (SC- 2050) and peroxidase- streptavidin were purchased from Jackson Immunoresearch Laboratories, West Grove, PA. 3,3'- diaminobenzidine tetraydrochloride from Sigma, St. Louis, MO and ABC staining system included 1.0 ml normal blocking serum, 250 μgm biotinylated secondary antibody (SC-2070), 0.5 ml each of avidin and biotinylated horse radish peroxidase (AB reagent), 1.0 ml 50× peroxidase substrate, 1.0 ml 50× DAB chromogen and 3.0 ml 10× substrate buffer. Other reagents included freshly prepared 0.5% H~2~O~2~ in methanol, Tris-buffered saline (TBS), Harri\'s hematoxylin and DPX mounting medium

All the 28 OSF and 10 control specimens were fixed in 10% neutral buffered formalin and embedded in paraffin. The paraffin blocks were cut in serial sections of 5 μm and used for immunohistochemical staining. The staining was performed using a peroxidase-labeled streptavidin--biotin technique as previously described.\[[@ref11]\] Negative controls included omission of the primary antibody or replacement of the primary antibody by an irrelevant specificity.

The number of immunopositive cells in the subepithelial connective tissue (blood vessels) and in the epithelium of OSF and normal specimens was counted at ×400 magnification with an eye piece grid over the uniformly stained and labeled area of the section 2 mm wide, selected at the low power magnification. By assessing the positive immunostaining and intensity of labeling on surfaces of endothelial cells lining the blood vessels and on the cell membranes of lymphocytes of α4β1 integrin, the immunoexpression was graded as low and intense. The immunocompetent cell density was expressed as the number of positive cells per mm^2^.

Data analysis {#sec2-2}
-------------

Numerical data were presented as mean ± SD. The Mann-Whitney *U*-test for median differences (not correlated for ties) and Fisher exact test for proportions were used to evaluate differences between the test and control groups in this immunostaining assay. *P*\<0.05 was considered to be significant.

RESULTS {#sec1-3}
=======

The mean age was significantly higher (*P*\<0.001) among the cases compared to the controls (35.2 ± 4.5 SD). While the proportion of males and females was equal in the control group that among the diseased group was 12:16. However, this difference was not statistically significant (*P*=0.73). Neither the proportion of current alcohol users nor of the individuals using spicy foods (seasoned with red chilly) was significantly different in the cases and controls. While one individual in the control group reported a chewing (areca nut) habit, it was the predominant habit among the cases (27/28). This difference noted statistical significance (*P*\<0.001) \[[Table 1](#T1){ref-type="table"}\].

###### 

General characteristics of the study population

![](JOMFP-15-272-g001)

The median percentage of T lymphocytes with positive integrin α4β1 expression was 77.7 with an interquartile range (IQR) of 73.3-83.4 in the test cases. However, among the control group the median percentage of positive integrin α4β1 expression was 28.2 (IQR 24.0-38.3). This difference was found to be statistically significant (*P*\<0.001). Similarly, for endothelial cells the median percentage of positive expression was 82.8 (IQR 77-90.6) and 22.3 (IQR 18.3-29.2) for cases and controls, respectively. This difference in median was also statistically significant (*P*\<0.001) \[[Table 2](#T2){ref-type="table"}\].

###### 

Integrin expression in cases and controls

![](JOMFP-15-272-g002)

When the intensity of integrin α4β1 expression was considered, 26/28 cases (96%) and 2/10 (20%) controls showed intense expression on T lymphocytes (*P*\<0.001). Similarly, 27/28 cases (92.9%) and 2/10 (20%) controls showed intense expression of integrin α4β1 on endothelial cells. This difference was also noticed to be significant \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}, [Table 2](#T2){ref-type="table"}\].

![Integrin α4β1expression in normal mucosa, endothelial cells and occasional lymphocytes show immunoreactivity (×40)](JOMFP-15-272-g003){#F1}

![Integrin α4β1expression in early OSF. The blood vessels are dilated and congested with endothelial staining uniformly seen. The stroma is intensely inflamed and more proportion of lymphocytes showed immunoreactivity for integrins. Stromal collagenisation is evident (×40)](JOMFP-15-272-g004){#F2}

When T lymphocyte--endothelial cell interaction was assessed by evaluating the overexpression of integrin α4β1 on both the endothelial cells and the lymphocytes together, interaction was present in 26/28 (92.9%) of cases and 2/10 (20%) of controls. This difference in overexpression of integrin obtained in favor of the test cases was significant statistically (*P*\<0.001) \[[Table 2](#T2){ref-type="table"}\].

When the cases were classified based on disease progression and the integrin profiles were analyzed, the median percentages of T lymphocytes with positive integrin α4β1 expression were 76 (IQR 63.5-77.7) and 83.4 (IQR 80.6-87.2) among early and advanced cases, respectively. This difference in median percentages of integrin expression amongst the cases was statistically significant (*P*\<0.001). Similarly, the median percentages of integrin α4β1 expression on endothelial cells were 79.4 (IQR 74.7-88.3) for early OSF cases and 84.2 (IQR 80.4-91.4) for advanced cases. However, this difference on endothelial cells was not statistically significant (*P*\<0.06) \[[Table 3](#T3){ref-type="table"}\].

###### 

Histological classification of cases and corresponding integrin expression levels

![](JOMFP-15-272-g005)

The intensity of integrin α4β1 expression when studied on the endothelial cell surfaces, 16/17 early OSF cases (94.1%) and all of the advanced cases (11/11) exhibited intense expression (*P*=0.97). Similarly, all cases of advanced OSF and 15/17 early cases showed intense integrin expression on the T lymphocytes (*P*=0.51) \[Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}, [Table 3](#T3){ref-type="table"}\].

![Integrin α4β1expression in advanced OSF (×40)](JOMFP-15-272-g006){#F3}

T-lymphocyte--endothelial cell interactions were assessed by evaluating the overexpression of integrin α4β1 on both the endothelial cells and lymphocytes together. The interaction was positive in 15/17 and 11/11 early and advanced OSF cases respectively (*P*=0.51). The nonspecific background staining noticed in cases of advanced OSF could be due to the heterogeneity of integrin receptors seen associated with epithelium, endothelium and basal keratinocytes \[[Table 3](#T3){ref-type="table"}\].

DISCUSSION {#sec1-4}
==========

A vascular response due to inflammation, apart from the connective tissue repair process, has been noted in OSF.\[[@ref5][@ref12]\] Normal, dilated, and constricted blood vessels have been seen, often in combination in the same section. Apparent narrowing of the smaller vessels appears first in the upper mucosa and spread gradually to the larger and deeper vessels. Persistent dilatation has also been seen in many moderately advanced and advanced biopsies.\[[@ref13]\] A rise in mast cells occur in the earlier stages of the tissue reaction, but in the more advanced stages the counts are similar to those seen in the normal mucosa or even lower.\[[@ref14]\]

The inflammatory cells seen are mainly lymphocytes and plasma cells.\[[@ref6]\] The presence together of a large number of lymphocytes and fibroblasts as well as plasma cells in moderate numbers suggests the importance of a sustained lymphocytic infiltration in the maintenance of the tissue reaction in OSF.\[[@ref15]\] As the disease progressed, the connective tissue loses its fibrillar staining pattern and becomes more amorphous and less cellular. This tissue reaction probably indicates biochemical changes which may account for the atypical appearance of the overlying epithelium. The increased cellularity noted at the earlier phases of the disease resultant to augmented recruitment of inflammatory/immunologic effectors (primarily lymphocytes) indicates its role primarily at the earlier stages of the disease. Activated T lymphocytes, especially helper/inducer T lymphocytes are the major cell population; macrophages and B lymphocytes are the minor cell population\[[@ref6]\] suggesting that the cellular immune response plays an important role in the pathogenesis of OSF.\[[@ref16]\]

In this semiquantitative immunostaining assay, no OSF specimen of terminal stages was included because intense cellular reaction was noted only during the earlier stages and when the disease progressed, cellularity progressively declines and the tissue becomes hyalinized. When the cases were classified according to histological grades (thereby disease progression), the median percentages of T lymphocytes and endothelial cells with positive integrin α4β1 expression seemed to be upregulated in moderate cases when compared to the earlier form of the disease. T lymphocyte--endothelial cell interactions were assessed by evaluating the overexpression of integrin α4β1 on both the endothelial cells and the lymphocytes together. This again showed an increase in staining intensity as the disease advanced to a moderate stage. The background staining noticed in some of the specimens, which was rated as a confounder in immunohistochemical assay, could be due to the nonspecific binding of the integrin monoclones to fibronectin moieties widely dispersed on fibers of collagen. The marked reduction of T-lymphocyte density in the subepithelial connective tissue of advanced OSF specimens may be due to a decrease in the recruitment of T lymphocytes to sites marked by low inflammatory reaction.

Members of the β1 integrin family of heterodimeric receptors (also known as the VLA family) have been reported to mediate the adhesion of different cell types to extracellular matrix components such as collagens, fibronectin and laminin.\[[@ref17]\] In addition, α4β1 is unique within this family as it also mediates various types of cell--cell adhesion such as T--B cell interactions,\[[@ref18]\] helper--suppressor cell interactions\[[@ref19]\] and the homotypic aggregation of lymphocytes.\[[@ref20]\] It has also been reported that peripheral blood lymphocytes express α4β 1, α5β 1, and α6β 1 at moderate levels and α3β1 at low levels.\[[@ref17]\] In the absence of activation, the α1 and α2 subunits are missing from these cells. In contrast, peripheral blood neutrophils do not express any detectable β1 integrins. It is therefore possible that in contrast to the widely distributed adhesion molecules LECAM-1, CD44, and LFA-1, some β1 integrin might act as lymphocyte specific homing receptors or play a crucial role in lymphocyte extravasation. A further unanswered question is whether lymphocyte homing occurs by direct lymphocyte -- host endothelial cell (HEC) interaction or by an indirect cell-cell adhesion mediated by intercellular matrix macromolecules.\[[@ref17]\]

A common finding in tissue fibrosis is that stromal fibroblasts become "activated" myofibroblasts and express α-smooth muscle actin (SMA).\[[@ref21]\] The cytokine TGF-β1 is considered to have a central role in inducing this myofibroblastic phenotype and its expression is increased in numerous fibrotic conditions. Fibroblasts interact with its surrounding matrix mainly through the β1 family of integrins.\[[@ref22]\] Of these integrins, α1β1, α2β1, α3β 1, α10β 1, and α11β1 act as receptors for native collagens. Changes in the expression of these integrins are associated with fibrotic diseases such as scleroderma, keloids, and hypertrophic scars, but the results were partly contradictory.\[[@ref23][@ref24]\] Excess extracellular matrix (ECM) accumulation is a common feature of OSF as well as in the other conditions. However, it has never been studied in OSF whether integrins are related to the disease.

TGF-βs are multifunctional growth factors implicated in both healing and fibrosis.\[[@ref25][@ref26]\] It has been proposed that increased expression of TGF-β1 plays a critical role in the pathogenesis of human gingival fibromatosis (HGF) by upregulating type 1 collagen expression and downregulating MMP expression.\[[@ref27]\] The β1 integrins which are known to be upregulated in response to TGF-β1 mediate the cell attachment to collagen and collagen remodeling.\[[@ref28]\] We therefore hypothesize that TGF-β1 leads to excessive collagen deposition in OSF probably by upregulating integrin expression. Infrequent polymorphisms of TGF- β1 gene were reported in OSF. A C-T polymorphism (rs 13306708) in the 5'UTR region of OSF had been reported and was considered significant for its part in the pathogenesis of OSF.\[[@ref29]\]

Following, leucocyte activation, the interaction between leucocyte integrin heterodimers and endothelial immunoglobulin superfamily ligands results in a firm adhesion of leucocytes to endothelium.\[[@ref30]\] In this step, the integrin heterodimers α4β1, α4β7, β7, and β2 on the leucocyte interact with the ICAM-1, ICAM-2, VCAM-1, and MAdCAM ligands present on the endothelium.\[[@ref31]\] It is possible that the same mechanisms are operational in leucocyte homing and migration occurring during the inflammatory stages of the disease OSF. Haque *et al*.\[[@ref32]\] showed increased numbers of activated T lymphocytes and macrophages in the subepithelial connective tissue of OSF cases. We have reported earlier the role of inflammatory cytokines and the relevance of sustained inflammatory episodes in the pathogenesis of OSF.\[[@ref33]\] Thus we conclude that endothelial/lymphocyte adhesion cascades involving VCAM-1/α4β1 integrins control the migration of lymphocytes and its homing noted ubiquitously in OSF.
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